Electroweak Physics and Searches
for New Phenomena at CDF

Beate Heinemann, University of Liverpool

The Tevatron and CDF

Electroweak Physics
" W.,ZWy, Zy, WW Cross Sections
" W and Top mass

Searches:
" Higgs
“ Supersymmetry

" Z' and Extra Dimensions

Summary and Outlook




Searches for New Physics: Strategy

Establish good understanding of data
in EWK/QCD physics in Run 2:

=  Backgrounds to new physics searches .Cross Sections (fb)
®  Indirect sensitivity to New Physics - 12 |
®  Gain understanding of detector :2' Jets
Search for as many signatures as el
possnble involving: .
High Pt leptons w: Wiz
*  Large imbalance in transverse momentum :z: -
(e.g. due to neutrino or neutralino) 10| W"‘fr:"Y 2y, sjﬂ'i‘-‘“'?
°  High Et jets w — e
* High Et photons o
*  Rare decays of charm- and bottom-mesons ° |
Interpret:

Provide cross section limits and
acceptances (try to be as generic/model-
independent as possible)= applicable to
future models!

In context of specific models of physics
)/ond the SM

Durham, 11/11/0 B. Heinemann, University of Liverpool



" Accelerator:

Tevatron Run I1
“ Upgrade completed in 2001

Js(TeV) | At(ns) | L(cm2 s1)
RunI |[1.8 3500 |2.5x103!
Run IT | 1.96 396 |1.0x1032

“ Experiment CDF:
" New tracking systems
® New Time-of-flight detector
" New forward calorimeter

" New RO electronics+trigger

" Many other substantial new
components and upgrades

Durham, 11/11/04
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CDF Performance

. . Width Reli [ s SLI/SLE
-CDF takes high quality data (85%) — COT gam vstime . s
-Initial problems with Silicon B e e
operation largely solved £ R WA ""
-Recent problems with tracking MH e d b 5
. . . la .. v l?“‘ 3
drift chamber solved (gain W S mn\ " T
recovered) osf 1 "‘L.
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Tnclusive W cross section

CDF Runll Preliminary, 72pb’

M . ~ 2200 s 31 7I22 w —> 1v Candidates
W—uv and W—ev signal: %2000 0 som ’MC‘ }
Backgrounds from jets, Drell-Yan, S 1800, - i A jA
W—tv and cosmic u’s @ 1600 o (e “
Excellent description by MC simulation B |
1000, 1
Candidate events | Estimated Acceptance x 8001 I
in 72pb-! background | efficiency 60| _‘
4004
W —ev | 31,722 | (10.6 + 0.4)% | (17.9:0.3)% oo |
W—uv | 37574 | (44 :08)% |(14.4:0.3)% TR w w e T

Total inel. pp cross section measurement

used for luminosity:

" error weighted average of CDF and E811:

0=59.3+-2.3 mb at Vs=1.8 TeV

M, = JE,() E,v)-p, (1) p,0v)-p, (1) p,(v)

W. van Neerven, J. Stirling

NNLO 6=2687+-54 pb

o(pp—=W —lv ) =2775 £10(stat) = 53 (syst) £167 (lum) pb

Durham, 11/11/04

B. Heinemann, University of Liverpool 6



Z Production Cross Section

Z/y*— e*e andZ /y*— uw

66 < m(yy)/GeVc2 <116

Small backgrounds from
jets, Z/W—t, cosmics u’s:
" less than 1.5%

Number of events acceptance x
in 72pb-! efficiency

Z/v*— ee- | 4242 (22.7+-0.5)%
Z/y*— urw 1785 (10.2+-0.3)%

For 66<m(l*I-)<116 GeV/c?:

L5001

MBIl
5-2400_— CDF Run Il Preliminary
ESOO;- J.Ldt=T2.0pb'1
200;
100F-

91-0 50 60 70 80 90,100 110 120 130

M., (GeVicY)

W. van Neerven, J. Stirling

NNLO o= 251.3+-5.0 pb

o(pp—Z/y* — 1"l") = 254.9 £3.3(stat) £ 4.6 (syst) £15.2 (lum) pb

Durham, 11/11/04

B. Heinemann, University of Liverpool



W Charge Asymmeftry

Sensitive to derivative o BT
of d/u at x=0.1

0.6 /U
\ u higher momentum

Used by CTEQ and a "
MRST global fits M
Experimentally:

. o s d W ' W boosted in p direction
- USlng new fOI"WC(I"d SI|ICOn _:_ v : W™ boosted in p direction

and calorimeters

-=-—anti proton direction proton direction

® Precision measurement, i.e.
900d Under‘STanding Of A (n) = da(cf)/dn—da((z_:)/d'i] ~ d(x)
. 1(77) "~ do(et)/dn+do(e™)/dn — u(x)
systematic errors | | |
required

Durham, 11/11/04 B. Heinemann, University of Liverpool



New Run 2 data: two Pt bins

> 031 — = > 0.3 — -
E - CDF-Il Preliminary, 170 pb E | CDF-Il Preliminary, 170 pb
0.2 25 < E° < 35 GeV c 35=:Ee=:£15G9V
EF T » £ 02" T
7] - o= 7]
< 0.1 < L
? L 2
g oF 501k
o 0 i
] r S B
©01F or~ RESBOS CTEQ6.1M
—__ L {F. Landry, R. Brock, P.M. Hadolsky, C.P. Yuan,
'0'2_' RESBOS CTEQS6.1M 0.1 Phys.Rev.D67:073016,2003)
0 3§. (F. Landry, R. Brack, P.M. Nadalsky, C.P. Yuan, 40 extreme pdfsets
o [ ——
- Phys.Rev.D67:073016,2003)
= ; 0.2~
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Durham,

mi

Et dependence of asymmetry not well modelled by
CTEQ6 PDF's (they were fit to the average): will
check MRST

Data provide new PDF constraints

11/11/04 B. Heinemann, University of Liverpool
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Anomalous Couplings

b

Anomalous couplings : AK, A

Hy = e(1 —I—Ky—l—hy}ﬂmﬂ,

qy= —f{xr—hr)hi?f{,

Existence of
WWy vertex

indirectly seen
at LEP

95 9% CL limits

0.
04 W, WW Unitarity A, = 5.0 TeV
0.3 2fb

]
0.3 Wy

04

LEP Preliminary
e 95% c.l.
- B 68% el
= 2d i result
I PR |
0.1 0 0.1
ol LN U P l’l’

0
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LEP results hard to beat

but complementary:

v'higher energy
vWWy vs WWZ
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W/Z+y Production

s-channel diagram:
" Sensitive to trilinear gauge
coupling WWy
" Not present in SM for Zy
Selection

" W'sand Z's as in incl. cross
section measurement

" Photon ET>7 GeV
® Main background: leading ni%'s

Anomalous couplings:
" Harder photon Et spectrum

Durham, 11/11/04
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Wy and Zy: Photon E;

" NLO(UV. Baur):19.3+-1.4 pb

Zy cross section:
" CDF Data: 4.6+-0.6 pb N b
" NLO(U. Baur): 4.5+-0.3 pb - Hef‘iclafy?

Data agree well with SM

Soon: extract WWy and
ZZy couplings

WYy cross section: I = s _
I= i O wW+jet
" CDF Data:  18.1+-3.1 pb & I =

_'—|_'_

[ —

-—h

I_I
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WW Production

 — PN W q W
WhY? Z{l,“f
" Never observed at hadron
colliders with any significance §——AAAAw 7 w

(run 1: 5 observed / 1.2+-0.3 ¢

W /
" SM test, anomalous copulings _ .
W

g P s, 7,
" Higgs -> WW !
HOW? WW—-tviv (I=e,1)
= WW->lvlv channel best but PRy D, WW—Iviy (I1=e,)
branching ratio small e
" Require
2 leptons (P+>20 GeV)
large Et
Njet(Et>15 GeV)=0 to suppre
top background N
WW—Njj
PROBABLY IMPOSSIBLE WW—=jjjj

DEFINITELY IMPOSSIBLE

Durham, 11/11/04 B. Heinemann, University of Liverpool 13



WW: Cross Section Results

"Dilepton” |"Lepton+track”

WW signal 11.3+-1.3 16.3+-0.4
background 4.8+-0.7 15.1+-0.9
Expected 16.1+-1.6 31.5+-10
Observed 17 39

Cross Section |[14.3+-b9 19.4+-6.3

2 independent analysis (high purity vs high acceptance)
=>Consistent results

First significant signal: significance>3c
Agree with theor. prediction: oy o = 12.5+-0.8 pb
Campbell & Ellis

Durham, 11/11/04 B. Heinemann, Universivy v
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WW kinematic distributions

CDF Run Il Preliminary - Ao vs . J | COF Run |l Preliminary - Lepion Py ‘ | CDF Run Il Preliminary - Missing Transverse Energy .
35 =
L MC WW 12
af. « Data ee L DWW+Bkgnd 10 DWW+Bkgnd
r = Data up 10'_ EBK d o
25: « Data ep - e i EBkgrld
=29 i T ~ -
- et L =184 pb" > o |} * Data N 8 « Data
2 r (&) o - 1 o -
5 2o’ . o o TR 3 L =184 pb”
o L - = o 6
a iy 2 6 E i
Gl S &
" - & s L [ -
= ,n 3 |
wh * LI &
3 : i i
sl 2_—
i Njets:o | 1 = —
.f_l 1 /| i l Lol 1 J | P J Ll 1 | Ll 0 Ll | llll 1l (r&)(‘ "'ll c | ) :_*_‘_‘_‘ | J
40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 180 200 = - R =y o
g, (GeV) Lepton P, (GeV) 20 40 60 80 100 120 140

Er (GeV)

Kinematic properties as expected from SM WW
production

=> use the data to constrain new physics

Durham, 11/11/04 B. Heinemann, University of Liverpool







® Precision measurements of
= M, =80.412 + 0.042 GeV/c?

" M,=178.0 +- 43 GeV/c? + b + + h +
“ Prediction of higgs boson mass within \LO W W /-\ W
L

m,, depends on m, and m;,

SM due 1o loop corrections
" Most likely value: 114 GeV

" Direct limit (LEP): m,>114.4 GeV

6 g T T L
| 3 Il [heory uncertainty  J8¢|
L ;
D — 0.0276140.00036
. ---- 00274040000 2
4 - 1 s ingl. low CF data —
NE{ 1
g 37 i
2_ —]
1 _ _|
0 | Excluded g
20 100 400

m,, [GeV] 130 140 150 160 170 180 190 200

. ) ‘ m GeV
sinemann, Universi top )



W boson and top quark mass

W mass: current error estimated top mass:many measurements
(analyses still “blinded”)

CDF Run 2 Preliminary
Systematic Electrons (Run 1b) | Muons (Run 1b) g : _.. = 168
Lepton Energy Scale and Resolution 70 (80) 30(87) E'-.-L'i?.ton' b of » 170.0 215+ 7.4
Recoil Scale and Resolution 50 (37) 50 (35) L @ =
Backgrounds 20 5) 20 (25) Dilepton: P, it 176.5 2150 = 6.9
Statistics 45 (65) 50 (100) D .se
Production and Decay Model 30 (30) 30 (30) Dilepton: v weighting Ates + 0.
Tol 105 (119) 8140 Lepton+Jets: Multivariate 179.6 + 61168
Top and W mass measurements in Leptonsdets: Moe T 177.24424 6.6
(Ln 18205 . reco e — Qg7 — ¥
. —— . -
progress. Lepton+Jets: DLM 177.8 +451 6.2
. —_ @ - .
- EXpeCT iImprovement w.r.t. Run I by Run 1 CDF Lepton+Jets  176.1:3]+ 5.3
. i Wyl
winter Conferences Run 1 D0 Lepton+Jets 180.1+38+ 3.9
Major effort on dominant jet energy Run 1 World Averas & 178,052 + 3.3
scale error
I I I I

=> reducing now from #5-8% to 150 160 170 180 190 200

22.5-4% (at E;>40 GeV, larger at lower E,)

Durham, 11/11/04 B. Heinemann, University of Liverpool 18



Higgs Production and Decay

107 p——— T I
t HO g G(pp—>H+X) [pb]
t = g =2TeV
t 10 g_...t.t ........................................ M, =175 GeV
, i gg—H CTEQ4M
g g fusion ] _\\\ ]
0 -'kt_ HO 10 ggoHgq e E
- o .
ad ol 10° e e F—HZ E
; [ gg.aqoHi
- [ 10 F ]
it fusion
af g2.9G—Hbb
q 10 L L 1 L 1 L
80 100 120 140 160 180
W.Z W.Z y
w [GeV] i
- HD
4 . .
W, Z bremsstrahlung Domlnant decay
1071
-low mass: bb, Tt =
m
HI:I
. . 102
-High mass: WW,ZZ
WW, ZZ fusion ™9
1073

Durham, 11/11/04

B. Heinemann, University of Liverpool

Dominant Production:

gg->H
subdominant:;

HW, Hqq

A Djauadi, J Kalinowski, M. Spira
i i I I
A !
'l \ i ]
L4 |
Wi 'I fl
1 |
! Y vl [
Fooh
s
i II |
I T |I
Pl A LU T gt
102 M I:GCV"'CE‘J 103
bb )
vy I
WW
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H—- WW®&) = [*vv

Higgs mass reconstruction not possible due to
two neutrions: /

" Dilepton mass lower for h->WW: mass
dependent cut
Employ spin correlations to suppress WW
background:

> leptons from h - WW®) — [|-vv tend to be

collinear
2 CDF Run Il Preliminary, L, , =~ 200 pb™
= - . a2
5 F M, = 160 GeV M Cut e F  M,=160 CeV
3o — ! ' Qa5 —
1.6 Ww P T - w7 2 aF | — 10« H — Ww
™ - ZZ +WZ + DY ]40 {_!E'\' hlﬂ' = SSJ] {_IE'\ s g W
14 + {f + fakes I ) R 3501 wz+zz+DY
1.28 150 GeV hllﬂ' < 57.5 GeV 30 + i + fakes
- S S - %t 250
= 160 GeV | M_< 62.5 GeV s
0.8F o o 2F
o 170 GeV | M_ < 70.0 GeV 15f
E 4 T ] - T T 15
0.4 180 GeVd Mn < 80.0 GeV :
- et B e T
0.2: 0 — -
ob-L Ce 6 05 1 15 2 25 3
0 20 40 60 B0 100 120 140 160 180 AD |
11 . . . .
[einemann, University of Liverpool
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H—- WW®&) = [*vv

« Expect 0.11 events for 160
® Similar analysis by DO GeV SM Higgs with 200/pb

DO ee eu np

Excluded cross section times
Observed 2 2 5 Branching Ratio at 95% C.L.

Expected |2.7+04 | 3.1+0.3 | 5.3+0.6

" Neither CDF nor DO see any evidence
for h production => set upper limit on
cross section o ~omerrnn

oxBR(H—WW) (pb)

4" Generation Model

Topcolor

Excluded at LEP

o :
1000099/ :
= 10 : Standard Model

o(gg—H; 4G) ~ 9 x o(gg—H; 3G) 100 120 140 160 180 200
Higgs mass (GeV)

Durham, 11/11/04 B. Heinemann, University of Liverpool 21



o (pp — W*X) x Br (X — bb) (pb)

—h
o

Wh Production: Run 2 data

W'bb Search Dijet Mass Distribution (> 1 b-tag)

Selection:
" W(—uv or ev)
" 2 jets: 1 b-tagged

Search for peak in dijet
invariant mass distribution

W’bb Search 95% C.L. Upper Limit

CDF Run Il Preliminary 162 pl::f1

5]
A |

= Expected Limit+ 1o
-~ Data

- LO Technicolor (pp — W*2 — W*bb)
-+ NLO Standard Model Higgs (pp — W*H — W*bb)

iy
o

-
o
e

—
T
/

[
-
it |

710 115 120 125 130 135 140 145 150

121

Events / 10 GeV/c?
- -

| st
0 [ ‘!hh

0 50 100 150 200 250 300 350 400 450 500

CDF Run Il Preliminary 162 pb

W +2jets ( =1 b-tag)

Data

Wlight flavors

W*+heavy flavors

Top

WEZO, W W,2°2° and P
non-W*

WEHx 10 (my = 115 GeV/ic)

Mean = 104.1+ 0.2 GeV/c’
Width = 17.31 0.2 GeV/ ¢

W

Mass fGeWcz)

No evidence => Cross

section limit on

" Wh->Wbb production
" Techni-p ->Techni-x +W

New Particle Mass (GeV/c®)mann, University of Liverpool
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Summary of SM Higgs Searches

CDF Run Il Preliminary

T :I | R B | | T 11 | | 5 s L | 1T 11 I T 11 | | [ s L | 1T 11 T 11 | [ A | I:
O B
L [
S
L ‘”:} = .\\\. ______ =
EE B Setmesgereieiiiiaeo ... ettt —
- - - HwWwWY — iy
: WH —> lvbb z -1

! 1 = —
U -
(b B
m i i
t!r: 10 E e
E_;J By T g immeen Expected Limit
hu E —  Observed Limit
© e — 5SM Prediction

'1D L 1 1 1 | L 1 1 1 | L1 1 1 | L 1 1 1 | L 1 1 1 L1 1 1 | L 1 1 1 | L 1 1 1 | L1 1 1

160 110 120 130 140 150 160 170 180 190

m, {(GeV)

We are trying to close in..race against LHC:
experimental techniques continuously being improved

Durham, 11/11/04 B. Heinemann, University of Liverpool 23



* Higgs Sensitivity Study (2003)

g
3100
2

[—Higgs Sensitivity ('98-'99)

SUSY/Higgs Workshop

. A Study[ﬂ?o]
« combined CDF/DO sensitivity al power-gnly
8 10¢
= .
= i
=
_ _ _ - - 5c discovery
I .................. .................. ............. S US‘I’MQQ& w'ﬂl"kﬁhﬂp {19&_:.99} ggﬁzv&i&: :; bl
I SRR A S ’ 140 160 180 200
Htggs Sensmwty Study {'03] my (GeV)
statistical power only | i
10— (no. systemat[cs ; ptbib—

..................................................

integrated luminosity (fb"‘fexp.)

""""""" upgraded silicon

10% mass resolution

..... .. N N SE'ECtiDn

100 .105 110 115 120 125 130 135 140

my (GeV)

NOW

Durham, 11/11/04 B. Heinemann, University of Liverpool 24



MSSM Higgs

In MSSM the bbA
Yukawa coupling LO diagrams
grows like tan?p:
“ Larger cross sections
" Better discovery
potential than SM

Search for final
states:

“ A+b+X->bbb+X
B A+ X—>1t1+X ety K

S. Willenbrock

Durham, 11/11/04 B. Heinemann, University of Liverpool
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MSSM Higgs: A -> T

Higgs — t t Search, Track Multiplicity

' 22501 CDF Run Il Preliminary 195 pb”
T's are tough! g o
B [(lZ—ortr
SeleCT di'T evenTS: 1502_ + E‘tjségorsons,zgfee,uu
i ——
® 1 lepton from t—lvv o
. 50 +
“ 1 hadronic t-decay (harrow | |_r———=
\ieT) 0 1 i I ’ ‘ ) ’ i Ntr:cks
Lo o oy Higgs — t t Search, Total Efficiency
Eff|C|enCy zl /o § 1;_ tanp = 30 CDF Run Il Preliminary
Background: mostly Z->tt £ /_ﬁ///_\//
Sod- o
B —A—)T‘u‘th

0.2

Lot b v b b b b b b L
‘F10 120 130 140 150 160 170 180 190 20(%
m, (GeVic’)

Durham, 11/11/04 B. Heinemann, University of Liverpool 26



MSSM Higgs A-> tt

Fit “visible" mass: from
leptons, tau's and E:

Limit on oxBR=%10-2 pb
Interpretation soon in

tanf vs m,

plane

Higgs — t t Search, 95% CL Upper Limit

oS

oo

-

O e O O )
N (=]

o(pp — A) x BR(A — 1 1) (pb)

(=]
\I‘IH‘Illl\I\l\Illl\\‘l\l‘l\\‘llll\l\l

N O ®

CDF Run Il Preliminary 195 pb'1

— Observed

--- Expected

e
-
e
.
e
e,
.
-
-
-
»
.
-
a
---------------------

Durham, 11/11/04

1 ‘ | | 1 1
120 140

ST 260'2
m, (GeV/c’)

1 ‘ 1
160

B. Heinemann, University of Liverpool

60

30+t

CDF Run 2 195 pb-!
Preliminary 1
MSSM Higgs —1t

Higgs
Mzt
2
I QCD fake

T)
100 150 200
myis (GeV)

10" F

10° F

10°'F

30

100 150 200

myis (GeV)
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SUSY Searches

mSUGRA inspired w1
® Neutralino LSP fgﬁ@@@( Y

" Typical signature: E], o 0t
" Best:

E ( %
Neutralino-chargino production (not “”?“@< >'mm<
yet beating LEP) 5«?,99 : q [

Squarks: large cross sections
" Here: stop, sbottom, B.->uu
GMSB inspired:
" Gravitino LSP
" Here: Neutralino (NLSP)->Gy
" 2 photons +E,r + X

Durham, 11/11/04 B. Heinemann, University of Liverpool



Bottom Squarks

High tanp scenario:
" Sbottom could be "light”
This analysis:
® Gluino rather light: 200-300 GeV
= BR(§—>Eb)~IOO% assumed
Spectacular signature:
" 4 b-quarks +%
Require b-jets and ﬁ(,r>80 GeV

Inclusive Double B-Tagged Events

CDF Run Il Preliminary, ‘156pb'1

-
(=]
M

- CDF Data
QCD-multijet

B Top
W/Z+jets,Diboson

Expect:2.6+0.7
Observe: 4

T
_+_

B-Tagged Events / 15 GeV

a

0 50 100 150 200 250

Durham, 11/11/04 Missing Ey [GeV]

280—: BR(G— b 6)=100% CDF Run Il Freliminary

1 mil=60 Gev i
260 mig =500 Gevie

Shottom mass [ GeV/ef]
2
]
o]

180 {exel. single tag)

160

140]

9 20_5 COF Run | excludsd
100

180 200 220 240 260 280
Gluino mass [ GeV/e?]
Exclude new parameter
space in gluino vs.
sbottom mass plane

29



Light Stop-Quark: Motivation

If stop is light: decay only

via 1'—>CX10 : : ;rf-'f
E.g. consistent with relic :;if"’;:..,'.'iﬁ: b
density from WMAP data ] : 7

" hep-ph/0403224 (Balazs,
Carena, Wagner)
" Quop=0.11+-0.02

= M(T)-M(Xlo)z15-30 GeV gm-: 95% Confidén?.evel éContour
Search for 2 charm-jets |
and large %, b/ S

O ; \\\\\\§§
. : Y CDF 2
. L 3 o) . AN
E*(Je’r)>35, 25 GeV “ f/ AN V
(. R AR
- y>55 GeV i A \\\3§§ £
T i NN &
[ " D@ Runlo %&\?\\\\\E \\E /16‘
I NN
0'_/ i ‘ DN AN I
. . . . 0 20 40 60 B0 100 120 140
Durham, 11/11/04 B. Heinemann, University of Live Stop Moss
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Durham, 11/11/04

Light Stop-Quark: Result

Data consistent with
background estimate

" Observed: 11

" Expected: 8.3*23 .
Main background:

R ANNEERUAN

o WHjj - wvjj

Systematic error large: #30%
" ISR/FSR: 23%

" Stop cross section: 16%

Not quite yet sensitive to
MSugra cross section

Events/5 GeV

B
' CDF Run Il Preliminary, 163 pb’-
5
L = -+ Data
4 B acomutiet
al | WiZ+ets, Top, diboson
F | %, (110 Gevic?), 7' (40 Gevic?)
22—t ‘
1 I -
I_ L
[}.--! = s A [ SR S I TR R '
60 100 120 140 160 180 200
Missing E. (GeV)
Iy
C] Theory Cross Section (Prospino)
510" | CTEQ 5M, @=mit,)
2 R [] cTEQ 5M, @=0.5m(t,), 2m(t,)
w
[}
3 - CDF 95% C.L. Upper Limit
Q10 |-
e
M(y,)=50 GeV
 CDF Run Il Preliminary, 163 pb'1
L == |

60

B. Heinemann, University of Liverpool

I L1
80

IR EY Y T AT T TR TR SO O S |
100 120 140 160
Stop Mass (GeV/c")



Event Display

Run: 160591  Evt: 1361839

MET=59.3 GeV
Et1=41.8 GeV
Et2=31.4 GeV
IP(1)=5.2¢-5
IP(2)=1.5¢-4

Durham, 11/11/04 B. Heinemann, University of Liverpool 32



Quasi-stable Stop Quarks

Model 10" e :

% CDF Run 2 Preliminary
" any charged massive particle (e g. £ = Observed|
stop, stau) with long lifetime: "quasi- 5 F v . [JPredicted| 5
stable” £ ; :
" Assume: fragments like b-quark 0 F * E
SignaTur'e 1 jLo‘t = 53 b’ T
" Use Time-Of-Flight Detector: E ............................... 3
0 05 1 15 2 25 3
RTOF 2140Cm Minimum A;.- (ns) AtTOF
Resolution: IOOPS 50 -CDF Run 2 Preliminary der 53pb!

Production cross section (NLO) =

" Heavy particle=> v«<c

¥ -- Cross section limit (Stop isolated) =

Cross section (ph)
I
(]

o Attt =23 ns AR
Result for Atyor 2.5 ns: % - N ;

" expect 2.9+3.2, observe 7 ° '
5<10-20pb at m=100 GeV O AR
M(T)>97-107 GeV @ 95%C.L. LEP: 95 Gev | m(stop)

Durham, 11/11/04 B. Heinemann, University of Liverpool 33



Assume Y is NLSP:

" Decay to G+y

= G light M~O(1 keV) -
" Inspired by CDF eeyy+)ﬁ .
event: now ruled out by LEP

GMSB: yy+E,

DO (CDF) Inclusive search:

" 2 photons: E;> 20 (13) GeV

= E.> 40 (45) GeV

CDF Run [l Preliminary (202 pb'1)
’ v 1 v I " I v i

% ALEPH DELPHI L3 OPAL > T
& L0 e'e’ — ¥y — GGy [\}] 103 -
= 130<1s<209 GeV L) « Data
ek o0 | [0 QCD & fake photon]
% | £ 10%; [J SM yy production -2
A § [ ey background ]
. k w 10¢ Ej>13GeY, | <10
{7 Excluded at95% C.L. 1k .
1 :
00 00 400 00 10'1 =
GeV/e
'10-2 E L 1 h :_l_i_l—l P
0 20 40 60 80 101
Missing E; (GeV)
) a—
D& R el
- ' 4 M, =1
M, =24
1

Durham, 11/11/04

Exp. Obs. | M(x") L
DO |25:05 >1926eV | E
CDF |0.3:0.1 >168 GeV | [

B. Heinemann, University of Liverpool
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Indirect Search: B.->uu

BR(B§)MM):

" SM: 3.5 x 102 (6. Buchalla, A. Buras Nucl.
Phys. B398, 285)

" SUSY: «tan®p (6. Kane et al., hep-
ph/0310042)

Selection:
" 2 muons, displaced vertex
" Topological cuts

R

D@ Preliminary

30000 Signal region

B> o

4 _ +
25000 9 Side Band 1 Side Band 2
1

g g
E 8

Events10 MaV

[ ;]
=
",
a
B
=
3,
H#ofevents /5 M
[ e ]
o O

10000 _ v /

5000

——"""46 48 5 52 54 56 58 6 62
2 invariant (L 1) Mass [GeV/c]
Massipn) [Gev]

Durham, 11/11/04 B. Heinemann, University of Liverpool



Indirect Search: B ->uu

BR(B -> ) (Dedes et al., hep-ph/0207026)
sT7HE ) Mg=150, 49=0, £s>0, my-175 GeV

" SM: 3.5 x 102 (6. Buchalla, A. Buras Nucl. ’
Phys. B398, 285)

" SUSY: «tan®p (6. Kane et al., hep-
ph/0310042)

Selection:
" 2 muons, displaced vertex
" Topological cuts

130 1a0 =40 2o 300 250 400

DO CDF M1 /2 [GeV]
expected 3.7<1.1 1.1:0.3 CDF&DO (M. Herndon):
" BR(B,->uu}2.7X107 @90%C.L.
observed 4 1

BR@90% C.L. |<5.0x10”7 <7.5X107

Durham, 11/11/04 B. Heinemann, University of Liverpool 36



Bs->uu vs DM cross section

, within, Greater than 2 ¢ ot WMAP, :é”ﬂ;
(Baek et al.: hep-ph0406033) < _ai_m,]ﬁ 0 ol ““"i B
Probe SUSY parameter .
space consistent with f
WMAP data: e

" mSUGRA: just touching... 0 0t '“um _\W
" S010-models (Dermisek et al. ﬁ

2O, =71

hep/ph-0304101) => already
constraining L
Bs->uu complementary to direct o7k anp-s ,f-;ﬁf
DM detection experiments :: y 4 A (anf=50
™ F ]
M0:3OO GeV, A():O e L

i wl 1w’ m{'B ﬁﬂ_i
Durham, 11/11/04 B. Heinemann, University of Liverpool (By—=uu) 37



High Mass Dileptons and Diphotons

Standard Model high mass production:

a + q y
q I q—"YVV |

New physics at high mass:

Resonance sighature: Tail enhancement:

“ Spin-1: Z " Large Extra Dimensions:

" Spin-2: Randall-Sundrum Arkani-Hamed, Dimopoulos,
(RS) Graviton Dvali (ADD)

® Spin-0: Higgs " Contact interaction

Durham, 11/11/04 B. Heinemanu, umiversity o1 Liverpool 38



Neutral Spin-1 Bosons: Z’

CDF Run II Preliminary (200 pb )

“ 2 high-Pt electrons, muons, taus 10
“ Data agree with BG (Drell-Yan)

“ Interpret in Z' models:
" E6-models: ¢, m,x, I
" SM-like couplings (toy model) !

4

—_
(=)

[%)
T

—
(=)
T

10

Events / 5 (GeV/c )

High Mass tt Search

0 20 40

Durnain, 1171 1/v4

(4] - L. K - —
,_; - CDF Run 2 Preliminary 195 pb ! ERUME
L & =

© 20+ B z-o 3.l
S [ other Backgrounds g 0 E
o ] =
o -
“““ i —
> 15} S| 2 10
S B - = =
= - =N -] o
g i o| 3 10
m 10} S |8 -
= g 15
5__ l 107

L | -

- | 37 . 102k

0 0

60 80

100

e Data

Drell - Yan

QCD Background
T, WW, WZ, tt

200 300 400 500
Dielectron Mass (GeV/c 2)

D@ Run Il Preliminary

[] Data
— SM Monte Carlo

100 120 140 160 180 200

2
mMygipie (GeV/c?)
D. ricuIcidi, uiversity of LlVCI‘DOOl

L |
200

N | N N | L L N
400 600 800
Dimuon Invariant Mass (GeV)
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Neutral Spin-1 Bosons: Z’

95% C.L. Limits for SM-like Z

(in GeV):

ee

uu TT

CDF

>750

>7/3b [>395

DO

>780

>680 -

c-B(Z'—-11) (pb)

CDF Run 2 195 pb-1
Preliminary
Z'—11

95% CL
upper limit

CDF Run II Preliminary (200 pb _I}

10 T ' . T
| o Br(X— up) 95% C.L. limit
------------ ‘Br(X— ee) 95% C.L. limit
o-Br(X—= ll) 95% C.L. limit
10 | ™. — oBr(Z' — Il) (Sequential) LOx1.3
R N N Br(Z' —1I) (E;Z,) LOx1.3
=
&
= 1F
1 .
- ot
N 10
T 10
Q _
O
2
10 |
10

200

400 600 800
Dilepton mass (GeV/c %)

Combined CDF limit:

sequential Z'
cross section

100

Durham, 11/11/04

200 300 400

mz (GeV)

500

600

M(Z')>815 GeV/c?

B. Heinemann, University of Liverpool
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Randall-Sundrum Graviton

CDF Run Il Preliminary, 345 pb
—— Data, E=15GeV, |n|<1.04
Total Background

345 pb'!

10°L

Analysis: 2
" DO: combined ee and vy

" CDF: separate ee, uu and |
Y [ ﬂk\'

Data consistent with .
background A [

Relevant parameters:

s
=1
ba
m

-y
=
T T

Entries/5 GeV/c?

-

miy7) (GeV! ::E]

D@ Run Il Preliminary

= Coupling: k/My o e

" Mass of 1st KK-mode m: o Lo e :

World's best limit from DO: ossg _ :
" M>785 GeV for k/M;=0.1 :E:: « * :

e SNSTURSREURURIPRRSRER |

Maes (GeV)

Durham, 11/11/04 B. Heinemann, University of Liverpool 41



Dirac Magnetic Monopole

*Bends in the wrong plane (= high pt)
e[arge 1onization in scint (>500 Mips!)
*Large dE/dx in drift chamber

10
Q" . CDF Run Il Preliminary
Qo
= 10 . Solenoid
e - Drell Yan cross section -
‘IG 10 - sensitivit
Ao ’ COT
2 1 M fope > 350 GeV/e?] o
10" ¥ 95% CL Limit
N B=1.4T ,
10 =
10-3_'||"|||| B TOF .
200 400 600 800

Monopole Mass [GeV]

Durham, 11/1 ol



High E; Jets: k,-Algorithm

High Et excess/new physics, constrain high-x gluon
This time with k-algorithm!

| COF Run Il Preliminary §

7 7 K, D=0.7 - 0.1<|Y|<0.7
2 r —a— [Data
D t 0 10" |- Systematic Errors
3 .2k —b— NLO (CTEQG1)
a a VS = 10_} l' e MO Uncertainties
NLO  &.f
T ,4E oy
s 10 [ L=145pb
Z0°F
o 109 NLO:JETRAD
o [ =g = P2
10-7 R H [
£ NoHad. /Und. Event Correction
10—8 PP P I IR T Y P
0 100 200 300 400 500 600 700

P-JGeVic]

| COF Run Il Preliminary |}

10

1
10"
10°
10°
10"
10°

Data vs
Herwig

% 1dY dP; [nb/{(GeVic)]

T

M e e Rl R R R B

K; D=0.7 - 0.1<|Y|<0.7
—a— [ata

Systematic Errors
—e— Herwig (CTEQSL)

.
B
=

(==]
=
o
—e—

L=145pb"

Durham, 11/11/5%

1 1
100 200 300 400 500 600 700

| CDF Run Il Preliminary |

K; D=0.7 - 0.1<|Y|<0.7
Systematic Errors

— NLO Uncertainties

NLO: JETRAD up = uy = P2

No Had. / Und. Event Correction

L=145pb’

Data / NLO (CTEQ#61)

——

L —
T
[
-
[
-
C
L
[
-
C
[
[
[
[

0 100 200 300 400 500 600 700

| CDF Run Il Preliminary |

P- [GeVic]

14F K, D=0.7-0.1<|Y|<0.7
12 C Systematic Errors
10 :_ L =145 plj.'

Data / Herwig (CTEQSL)

S N B @

1 |
100 200 300 400 50

¥

1
0 600 700

| CDF Run Il Praliminary |

K;D=0.7 - 0.1<|Y|<0.7
Systematic Errors
— NLO Uncertainties
NLO: JETRAD iy, = = P12
No Had. / Und. Event Correction

T

------- R R T T R R PP R R T L R T N
—

o

L=145pb

- N
o o o
°_.........|....|....|....|..

Data / NLO (CTEQ61)

—

FTIRTTTE PRTTY FEUT] PPuT Prewe et |

50 100 150 200 250 300 350 400 450 500
P [GeVic]

aaalasaaliy

| ©DF Run Il Preliminary |
4

K; D=0.7 - 0.1<|Y|<0.7
Systematic Errors

w
)

L=145pb™

/ Herwig (CTEQ5L)
w

N
o
TITT T I[N TT T[T I TT T[T 7T

2 i
o
‘é 1_5 W
(=]
e e e
0.5 E 1 1 1 1 1 1 1 1 1
0 50 100150 200 250 300 350 400 450 500

p_ [GeVic]
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Summary and Outlook

Run IT is running at full speed: 5
® Machine and experiments running great so.

" Often already world's best constraints £ so

Q

"

" Have got 2x more data on tapel X
" Anticipate 1.5-2 fb-! by 2007 and 80

Results:

" Cross sections all agree well with
predictions

® Improved top and W mass measurements
very soon

" Many searches ongoing: higgs, SUSY,
LED,..

It's a lot of fun these days!

Durham, 11/11/04 B. Heinemann, University of Liverpool

4|
3
2

4.4-8.6 fb! by 2009 ol

A

B_

5

LEP 2 95% CL
excluded

CDF + DO, 1 fb-1 ?
LEP 2 W mass

LEP 1, SLD, \-,

A%®
Q
-1_5
0

W}
Ngﬁﬁ“*ggﬁ

130

140 150 160 170 180 190 20(
Miop (GeV)
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Di-Photon Cross Section

Select 2 photons with E;»13 (14)
GeV

Statistical subtraction of BG
(mostly n0—yy)

CPR Detector

Data agree well with NLO

PYTHIA describes shape
(normalisation of f by factor 2)

Durham, 11/11/04

I’ |
1 ) / _\\
% I|' S 0—35 a0
gm - / III SN _
& ‘ IIII b‘?"s\‘\\
= "/ 3 x\-"‘x ]
= Ef>14 GeV, E' >13GeV . |
B ™ <0.9 ‘ s,
T102f . - -
:|.T'.-:|......|..|...|......|...|..|:
10 20 30 40 50 60, 70 80 90 100
wEEM,(GeV)
Y
T UL | L L T {

ta (207 pl
M =, =m
CTEQSEM jiy =i, =m
PYTHIA norm fo data
22 g
- E/'>14 GeV, E; > 13 GeV /
T I"1<0.9

/N

B. Heinemann, University of Liverpool
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D& Run Il Preliminary

- DZero Run IT Limit; March 2004
Using 130 pb~!

MS5M Higgs bosons
bbi(— bb), & =h, H, A

o
(]
|
e
1]
=
Q
=
=
i

100 120 140
m, (GeV}

COF preliminary (81 pb™)

CDF Run [ Limit; October 2000

Using 91 pb~! — Meximal Stop Mixing

-------- Minimel Stop Mixing

\Nm%\\ R R Tt ‘N\\E
150

20 1o 128 14 180 200 220 240

me (GeV/c)
Why DO so much worse with more data???

Durham, 11/11/04 B. Heinemann, University of Liverpool 47



D& Run Il Preliminary

DZero Run IT Limit; March 2004
Using 130 pb~!

MS5M Higgs bosons
bbi(— bb), & =h, H, A

Excluded at LEP

e __Used CTEQ3L
Used CTEQSL 0 preliminai _ |

CDF Run [ Limit; October 2000
Using 91 pb~!

—— Maximal Stop Mixing —
-------- Minimel Stop Mixing

\Nm%\\ R R Tt ‘N\\E
150

180 200 220 240

m, (GeV,/c’)

c3BEEE88E

CTEQ3L 3 times larger acceptance x cross section!

Durham, 11/11/04 B. Heinemann, University of Liverpool
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W/Z cross sections:

DO versus CDF

DO vs CDF result:
" Incompatible in Z->uu channel

" Otherwise in agreement but higher

" Luminosity error #50% correlated

CDF (pb) DO (pb)| NNLO (pb)
Z->ee 255.8+3.9+5.5+15 4 264.9+3.9+9.9+17 2 251.3+5.0
Z->uun 248.0:5.9+7.6+14.9 329.2+3.4+7.8+21.4 251.3 5.0
W->ev 2780+14+60+167 2865+8+63+186 2687 b4
W->uv 2768+16+64+166 - 2687 +54

Need better understanding of origin of difference

Durham, 11/11/04

B. Heinemann, University of Liverpool
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W and Z cross sections:
Luminosity Monitor for LHC/Tevatron?

CDF 2 measurements: 2% precision

CDF (pb)| NNLO(pb)
Z 254.3+3.3(st.)x4.3(sys.)15.3(lum.) | 251.3+5.0
W 2775+10(st.)= 53(sys.)+ 167(lum.) 2687+54

NNLO uncertainty also better than 2%
(MRST+ L. Dixon)

MRST NLO amd NNLO partons WY 7o Tevatron é
NLO not good enough: 4% lower . ;
Impressive agreement between data \& = [Tt et
and theory: can we use this to measure . N1 *  Sona

- LAD 2 . .

lumi now to 3%? T

Dominant exp. error due to W/Z
rapidity distribution: PDF's...

0o ooz .00l 025 [.005 0.0l

hep-ph/0308087

Durham, 11/11/04 B. Heinemann, University of Liverpool 50



oxXBr(W—l

—_—

£
—

/A
X
©

L1

+ 0=
oxBr(Z—-I'l % CDF (630) I CDFII

10 — & UAI i CDF1
] * UA2 ¢ DO
| | | | 1T 1 | I 1T 1 | [ 1 1 | 1 1 | 1T | [
0.4 0.6 0.8 I 1.2 1.4 1.6 1.8 2
E. (TeV)

Durham, 11/11/04 B. Heinemann, University of Liverpool 51



PDF errors in W/Z Production

Cross section uncertainty factor & | " Py
5 larger than acceptance errors ' e
] o . .i'./ |
But acceptance uncertainty & Lt
largest experimental error 1 LA
W and Z highly correlated: { ooy
= Achieving better precision (1%) on R TR A TR
ratio o(W)/o(Z): on
J— E" : EXOCT dogeanee P e
r=Spp =W = V) 1003 0.15(stat) = 0.13(sys) 3 | K
O'(pp — 7 —l ) %J.m]ﬁ
= P I
b I @? Fin]
electron channel better than - #ﬁm ks
I - L .
muon channel: ] -
" Larger acceptance due to usage of o 7
forward calorimeter S I VS N B

relative change W

Durham, 11/11/04 B. Heinemann, University of Liverpooi
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PDF error estimate using CTEQ6

Use analytical cross section

expression (LO) to calculate 0.02 0.02 -
. . . 7 1 =,
do-/dy 0013 lanfl 2 0.01 43 anfl 4
-IIIl'T A" -'._:I?I_{-. -lr ) ] R E
W K _F Ta Tptlrg)dlry) 03 ' 0 o
iy A 2 . ]
-0.01 T-6:666691-0:00630 - -0.01 1+0.60616 000696
. My P J+0.00008 +0.00030 1 0.00016 [-0.00998
Wlth-?'u.bz — expl=+y). 0.0+ttt 0.02 "ttt
Ve 0 | 2 3 0 | 2 3
IHTZQF‘CITC for 40 eigenvecfops 00 boson rapidity 0.02 boson rapidity
from CTEQ and fold in 001 1 Sand 6 001 1 7and &
arametrised experimental N E
P P 0 F——mst e 0
acceptance : :
-0.01 JH-66026-0-60837 0.01 56 O6667- =060 H5
Compare C(ISO to MRST cenTral 00 7 -0.00031 +0.00823 00 ] 0.00067 0.00]00
fit (MRST error sets give o0 1 2 3 0 1 2 3
boson rapidity boson rapidity

factor 2 smaller uncertainty)
Plot versus boson rapidity

Durham, 11/11/04 B. Heinemann, University of Liverpool 53



More CTEQ6 PDF errors

3

0.02 - — /
0.01 - 7
0 .
0.01 Sr-00821 = :3\
] 0 |-0.00562 ] o \
2 3 0
boson rapidity boson rapidity
0.02 o / - /
0.01 -7 -
0 .
0.01 - (OO - ] S50k N
] 0.00619 ] 5
.02 T T

0.02

0.01

-0.01

40,02

0.02

0.01

-0.01

-0.02

2 3

boson rapidity

(]

boson rapidity

.

/

Pt

/

{

N

Ch e e
2 +0.00305 \

2 3
boson rapidity

=

boson rapidity

3

/

~

o™

\

SN

. a
D 2y
0,003 20

T

2 3

boson rapidity

Durham, 11/11/04

3

boson rapidity

0.02 0.02 0.02 5 0.02 5
U 7andis | | 1 19 ahd 20 1 25 ahd 26 1 27 and 28
001 wnd 1 001 4 19 and 2 0.01 d 0.01
I E— \/ 0 —= / 0 Fmmm N o= <)
— \ — "\ ] \}\l ] 7
0.01 F3066036 100015 -0.01 J+6:00067 F0-002 5 0.01 F+6rH0039- 000086 -0.01 F++6:006131-0-00258
1 0.00037 0.00502 \ 4 -0.00049 |-0.00260 000085 |-0.006068 E-{l,-:l-:l-:l_ 1 [H0.00266
002 ——— A -0.02 0.0 +—+V——r1+-"+—r1+—— 002 1T
0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
boson rapidity boson rapidity boson rapidity boson rapidity
0.02 5 0.02 o 0.02 0.02
1 21 and 22 } 1 23 apd 24 1 29apd 30 1 31 and 32
0.01 d / 001 4 /,I 001 29 apd : 001 - 31 apd 32
04 0 0=t 0] /
0.01 10,0049+ -0.01 600601 F0:00258 0.01 f-l-‘LI'.LIULI Lopeliniil aah -0.01 f+'U.UULN..} 00t
] -0.00059 +0.00248 1+0.000G44+0.0095 1 0.00049 |-0.00)72 1+0.00045 $0.00029
0.02 et e -0.02 e 0.02 e 002 e
0 12 30 L2 3 0 1 2 3 0 | 2 3
boson rapidity boson rapidity boson rapidity boson rapidity

»11-16 seem most important: can they be
constrained better?

»Excellent tool setup to understand real
behaviour (not limited by MC statistics)

B. Heinemann, University of Liverpool 54



Syst. Error on W mass due to
PDF's

40 elgenvectors of CTEQ6 glve 90% CL (J Huston) 1.e.1.64 o

]
=
I

M, (PDF}-M,, (30200) [Me"u"]
in o o =
I I I I I
—
S g
e o .
——
. e R——
l—.—l
e Sy
———
—
—.,——
. "
. e R/ _.
— o
_ —em R
———
. e /—/—R— _
———
—_—— - .
. _ .
_ .
—
. _.
——
-
——
l—.—l
|—-—|_ .

_25_| HiEH FHEHE HEHEH EHEHE HEHEH R HE R R
0 5 10 15 20 25 30 35 40

Error calculation: =1/2 \/Z(AMyA+) — AMy{—))° "N .64=15 MeV

n
o]
=]

I

= L .
o =

I IIII|IHI|IIII ITTTTTTTITITITTITITTITI I I I I
—a—
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Mass

N

-
o

e Data

0O Wy— vy
O W+ jet
0O Z

| oy

]
—

-

Q
-
Q

]

-t

Number of Events/(10 GeV/c 2)

—

1 L :
10" '_H_j-'l_l-l-l'_ J I . 1

L L Ll | L

40 60 80 100 120 140 160 180 200 220 0 60 éh' 100 120 140 160 180 200 220
(lv,v) (GeV/c?) 2

M (b, M, (I,l,Y) (GeVic?)

Number of Events / (10 GeV/c 2)

Data agree well with prediction: no sign of any signal of high
mass

M+(ly,v)>90 GeV / M(lly)>100 GeV sensitive to TGC's
Can be used to constrain e.g. W* and Z*

Durham, 11/11/04 B. Heinemann, University of Liverpool 56



Acceptance versus Rapidity

gy 0.5 g 055
2 04 W—ev g 04 W=
=8 3 T ]
g 03] g 031
0.2 3 0.2
0.1 0.1 -
t] : T T T T I T T T T I T T T T I T T T T I T T T T t] : T T T T T T T T T T T T
] (.5 l 1.5 25 ] 0.5 l L. 2 2.5
bos@Napidity boson rapidity
8 0.5 5 " w L5
-NVE Z— 2 4l Z—pp
[T =2 3
g 037 2 033
= ]
0.2
0.1
t] = T T T I T T T T I T T T T I T T T T I T T T T T I T I T T I T I T T T T
0.5 l 1.5 2 25 0.5 l L5 2 2.5
boson rapidity boson rapidity

Uses leptons up to n=2.6 Use leptons up to n=1

Reducing syst. Error by extending measurements to forward

region (or restricting rapidity range?)
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CDF: COT Aging Problem Solved!

+ Gaseous tracking chamber COT: wire aging problem seen in 2003-2004

* hydrocarbon residue detected on sense wires where gain had been falling
+ addition of air (probably the oxygen) reverses the aging

+ Chamber gains back go pre-aged status

* Voltages reduced on inner superlayers from February to May 2004
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CDF: B-tagging and tracking

i SecVix B-taqqing Efficiency ( tt Events ) |
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TS Challenging at hadr'on tt Control Sample, Tau Signature
CO I l |der'S: "GEU: 60 CDF Run 2 Preliminary 195 pb™
uzj B Z-tr

[ Other Backgrounds

T signals established by CDF & sl
DO: W->tv, Z->tt

® 1- and 3-prong seen 201
Result for m,>120 GeV: L. o
0 1 2 3 4 5 6 7
" Observe: 4 events Track Multiplicity

" Expect: 2.8+0.5
M(Z')>395 GeV

Ruled out by ee and uu channel
for SM Z' => explore other
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Model:

RPV Neutralino Decay

® R-parity conserving production => 1’—/ I fe‘f—/ I

two heutralinos

. : . . I- v
" R-parity violating decay into leptons
" One RPV couplings non-0: A5, , Ay Obs. | Exp.
. . eel (I=e, 0) 0.5:0.4
Final state: 4 leptons % (Fe.p)
- uul (I=e,u) 2 0.6+1.9-0.6
eee, eey, upe, Uu _ 2
2 1.4] LT Ogusy (My=250 GeV) .o ISy
= 3r‘d |€p'|'0n P1.>3 Gev E”_E "-.‘_ 95% CL up.limit (Bayes) | = Ry2i. M, = 250 GeV, tarB =5
— = ‘ \ D@ Runll preliminary | o5 s
® Largest Background: bb £+ - 3y
, 8 053 S A0 121~
Interpret: : L M2 N Freseneiime
" M,=250 GeV, tanp=5 0e] Lmmn———
T T TR T R Ty T e me e e e g

m(}*,) >160 Ge?/d-‘ \ m(x*,) >183 GeV
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